Abstract-We present a novel ultra-wideband (UWB) low-cost transmit/receive architecture with reduced power and hardware requirements that includes interference mitigation capabilities and accommodates multiple users. Specifically, a novel encoding approach is introduced to multiplex signals across large bandwidths and achieve secure communication and interference mitigation through spread signals. In this paper, a detailed description of the proposed high data rate system architecture is presented. Simulations are also provided in presence of high power interferers with 8 concurrent users. To further assess the systems performance and impact of the encoding/decoding process, a noise analysis was conducted for the transmitter and receiver chains. Specifically, Bit Error Rate (BER) curves are generated at different stages of the system showing interferenceto-signal ratios improvement by at least 10 dB.
I. INTRODUCTION
There are several methods in the literature to mitigate signal interference in RF communications. In addition to filtering, other methods employ active interference cancellation techniques where interference signals are removed at the receiver front-end [1] . Among the available methods, interference cancellation techniques can be classified into several approaches: space domain, time domain, frequency domain, time-frequency domain, and code domain. Space domain methods use antenna arrays with adaptive beamforming [2] to suppress interfering signals by steering the beam to different directions or by placing nulls along the direction of the interfering signals [3] . In time-domain, adaptive filtering is performed using finite impulse response (FIR) and infinite impulse response (IIR) filters [4] . However, these interference cancellation methods are limited to narrowband interferers and incur hardware complexity. Also, frequency domain methods have been proposed for interference rejection [5] . But, a major drawback for the latter is hardware complexity due to requiring Fast Fourier transform (FFT), inverse FFT, or wavelet transform blocks as part of the hardware. Additionally, windowing blocks, needed to avoid significant spectral leakage [5] , implying higher costs. Further, time-frequency excision techniques require an estimate of the interferer instantaneous frequency, implying even more complex hardware.
Most of these interference suppression techniques are limited in terms of their spectral and spatial filtering, and suffer from limitations in hardware and digital cancellation techniques. That is, in presence of high interference levels, these techniques, if implemented individually, fall short to achieving enough suppression. Also, most of them require previous knowledge of the interferer's position, channel, and signal identity. Of course, in realistic scenarios, and in particular when communicating across wide bandwidths, interferers are unknown to the receiver. Therefore, more advanced techniques are required to suppress interference.
In this paper we present a novel UWB and low-cost highdata rate transceiver architecture capable of supporting multiple users. Interference mitigation is also realized by employing Code Division Multiplexing (CDM). Below, we present a description of the UWB system and show interference mitigation examples.
II. DESCRIPTION OF THE PROPOSED HIGH-DATA RATE TRANSCEIVER
Our proposed UWB receiver is based on a hybrid Frequency and Code division multiplexing (F/CDMA) architecture, depicted in Fig. 1 . This architecture is capable of accommodating multiple users in the same frequency channel or in Ndifferent channels across a 10 GHz instantaneous bandwidth. Scanning/beamforming is achieved using an UWB antenna array [6] with M-antenna elements.
The entire UWB signal, spanning across 10 GHz, is first amplified and filtered. To separate the N-different channels, Frequency Division De-multiplexing is applied by mixing the UWB signal with the corresponding carrier frequencies (f 1 , f 2 , , f N ) to recover the spread signals from the M-antenna elements. As mentioned, each channel in the 10 GHz band is able to accommodate multiple users by taking advantage of CDM using Gold codes.
Interference mitigation is achieved as a result of the spreading. This is done by multiplying the paths with the same Gold Code assigned during the spreading process at the transmitter side. This action results in recovering the communication signals that carry the actual data in presence of interference. In this analysis, Gold codes were chosen for their good correlation properties. After de-spreading, each channel signal is fed to the On-Site Coding/Decoding block (see Fig. 1 ). This technique, already developed and tested in [7] , is used to reduce the number of Analog-to-Digital Converters (ADCs), and thus significantly reduce power and hardware requirements. Finally, the received baseband data are inputted into the Field Programmable Gate Array (FPGA) for post-processing and signal recovery.
III. ANALYSIS IN PRESENCE OF INTERFERENCE
To test the designed and experimental receiver, we measure the signal-to-noise ratio (SNR) in presence of interference. We also evaluate the maximum number of users to be accommodated in the same channel. Throughout the study, we assume a Binary Phase Shift Keying (BPSK) signal.
As a test, we performed an interference study for the multiuser hybrid F/CDM system in presence of a single, in-band, high power interferer. Specifically, we performed simulations with 8 simultaneous users transmitting in the same band. As shown in Fig. 2 , assuming a fixed error rate of BER = 10 −3 , for 2 users the SNR degradation is 1 dB for an Interferenceto-Signal Ratio (ISR) = 10 dB. For 4 users, the degradation is 2.2 dB and when 8 users are present, the interference increases by 10 dB, leading to a 3 dB degradation of the SNR. That is, the proposed Gold code scheme with spreading provides strong interference mitigation. Notably, the degradation for 8 users is only 0.8 dB more because of the nature of the spread signal. In other words, the resulting spread signal does not have a flat frequency response. Instead, it is affected differently, depending on the interferer's frequency of operation. IV. CONCLUSIONS We proposed a novel transceiver architecture for multiple users in presence of interfering signals while achieving high data rates. Our proposed transceiver includes several innovations: 1) Multi-user service using hybrid Frequency and Coding Division Multiplexing (F/CDMA), 2) CDM signal spreading promising 40 dB of processing gain, if channel coding is applied, 3) On-site coding for reduced power and hardware requirements, 4) Highly efficient interference mitigation due to UWB transceiver code spreading operation. Realization of this unprecedented capabilities lead to high gain/high data rates in a secure and spectrally efficient manner.
At the conference, we will present a more extensive description of the system. Results for different scenarios and experimental data based on a benchtop hardware set-up will be shown as well.
